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Q1.(a) Describe the mass flow hypothesis for the mechanism of translocation in plants. 


(4) 


Scientists measured translocation in the phloem of trees. They used carbon dioxide 
labelled with radioactive “C. 


They put a large, clear plastic bag over the leaves and branches of each tree and added 
#CO.. The main trunk of the tree was not in the plastic bag. 


At regular intervals after adding the “CO, to the bag, the scientists measured the amount 
of “CO, released from the top and bottom of the main trunk of the tree. On the surface of 
the trunk of these trees, there are pores for gas exchange. 


The following figure shows the scientists' results. 
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(b | Name the process that produced the “CO, released from the trunk. 


(1) 
(c) | How long did it take the “C label to get from the top of the trunk to the bottom of the 
trunk? Explain how you reached your answer. 
(2) 
(d) What other information is required in order to calculate the mean rate of movement of the 
“C down the trunk? 
(1) 


(Total 8 marks) 


Q2.(a) Explain how water enters xylem from the endodermis in the root and is then transported to 
the leaves. 
(6) 


Large insects contract muscles associated with the abdomen to force air in and out of the 
spiracles. This is known as 'abdominal pumping'. The table shows the mean rate of 
abdominal pumping of an insect before and during flight. 


Mean rate of 
Stage of flight abdominal pumping 
/ dm*of air kg ~ hour ~ 





(b) Calculate the percentage increase in the rate of abdominal pumping before and during 
flight. Show your working. 


(2) 


(c) Abdominal pumping increases the efficiency of gas exchange between the tracheoles and 
muscle tissue of the insect. Explain why. 


(2) 
(d) Abdominal pumping is an adaptation not found in many small insects. These small 
insects obtain sufficient oxygen by diffusion. 
Explain how their small size enables gas exchange to be efficient without the need for 
abdominal pumping. 
(1) 


The graph shows the concentration of oxygen inside the tracheoles of an insect when at 
rest. It also shows when the spiracles are fully open. 
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(e) Use the graph to calculate the frequency of spiracle opening. Show your working. 


Frequency: mena times per minute 
(2) 
(f) |The insect opens its spiracles at a lower frequency in very dry conditions. Suggest one 
advantage of this. 
(1) 
(g) The ends of tracheoles connect directly with the insect's muscle tissue and are filled with 
water. When flying, water is absorbed into the muscle tissue. Removal of water from the 
tracheoles increases the rate of diffusion of oxygen between the tracheoles and muscle 
tissue. Suggest one reason why. 
(1) 


(Total 15 marks) 


Q3.Scientists used fossil leaves from one species of pine tree to investigate whether changes in the 
concentration of carbon dioxide in the air over long periods of time had led to changes in the 
number of stomata in the leaves. 


Their method is outlined below. 


They selected sites of different ages. 

They collected between 11 and 24 fossil leaves from each site. 

They found the mean number of stomata per mm: on the leaves from each site. 

They estimated the age of each sample by dating organic remains around the leaves at 
each site. 
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They compared results from the fossil leaves with leaves from the same species of pine tree 
growing today. 


They knew the concentration of carbon dioxide in the air at different times in the past. 


Their results are shown in the table. 


Concentration of Mean number of stomata 
carbon dioxide in the per mm: 
air/% (+ standard deviation) 


present day 0.0350 
5000 0.0270 
10 000 0.0250 


Age of sample 
/ years 





(a | The concentration of carbon dioxide in the air has changed with time. Use the data to 
describe how. 


(2) 
(b) The scientists calculated the mean number of stomata per mm: and the standard 
deviation. 
What does the standard deviation show? 
(2) 


(c) The scientists found the age of the fossil leaves by dating the organic remains around 
them. 
Would this have affected the accuracy of their data? Explain your answer. 


(1) 


(d) 30000 years ago the mean number of stomata per mm? on the lower epidermis of pine 
tree leaves was much higher than it is today. This would have enabled the plant to grow 
faster when the carbon dioxide concentration of the air was low. 

Explain why. 


(1) 


(e) A student who saw these results concluded that as the carbon dioxide concentration of 
the air had increased the number of stomata per mm? in leaves had decreased. 
Do the results support this conclusion? 


(3) 
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(f) | The leaves of plants that grow in dry areas usually have a low number of stomata per 
mm?. Use your knowledge of leaf structure to suggest three other adaptations that the 
leaves might have that enable the plants to grow well in dry conditions. 


(3) 
(Total 12 marks) 


Q4.(a) Root pressure moves water through the xylem. Describe what causes root pressure. 


(3) 


(b A biologist investigated the rate of water movement during the day in different parts of a 
tree. The results are shown in the graph. 


Rate of water 
movement/metres 
per hour 





Time of day / hours 
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(i) ^ Describe how the rate of water movement in the upper branches changed over the 
period shown in the graph. 


(2) 
(ii) The rate of water movement in the upper branches was different from the rate of 
water movement in the trunk. Describe how. 
(2) 
(iii) The results of this investigation support the cohesion tension theory. Explain how. 
(2) 


(Total 9 marks) 
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Q5. (a | Students measured the rate of transpiration of a plant growing in a pot under 
different environmental conditions. Their results are shown in the table. 


During transpiration, water diffuses from cells to the air surrounding a leaf. 





( ^ Suggest an explanation for the difference in transpiration rate between conditions A 
and B. 


(2) 


(ii) | Suggest an explanation for the difference in transpiration rate between conditions A 
and C. 


(2) 
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(b) Scientists investigated the rate of water movement through the xylem of a twig from a 


tree over 24 hours. The graph shows their results. It also shows the light intensity for the 
same period of time. 


Rate of movement 


of water through 
xylem 
( ) 
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(i) Describe the relationship between the rate of water movement through the xylem 


(ii) 


and the light intensity. 


(1) 


Explain the change in the rate of water movement through the xylem between 06.00 
and 12.00 hours. 


(2) 
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(iii) The scientists also measured the diameter of the trunk of the tree on which the twig 
had been growing. The diameter was less at 12.00 than it was at 03.00 hours. 


Explain why the diameter was less at 12.00 hours. 


(2) 
(c) Arteries and arterioles take blood away from the heart. 
Explain how the structures of the walls of arteries and arterioles are related to their 
functions. 
(6) 


(Total 15 marks) 
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Q6.Scientists investigated the effects of different concentrations of sodium chloride on the 
germination of the seeds of two varieties of barley. The seeds were soaked for one hour in 
different concentrations of sodium chloride solutions and then germinated in distilled water at 
25*C. The scientists found the percentage of germinated seeds after 4 days and again after 8 
days. 


Percentage germination of barley seeds after 4 days 
96 






95 HH- nan 


Percentage 
germination 
after 4 days 


Sodium chloride concentration /mmol dm? 


Describe what the data in above shows about the effect of sodium chloride concentration on 
germination in these two varieties of barley. 


(Total 3 marks) 
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Q7. 


Two theories have been put forward to explain the upward movement of water in the xylem 


in a tree. 


the cohesion-tension theory 
the root pressure theory 


Describe one piece of evidence that supports the root pressure theory and explain how it 
supports this theory. 


Evidence. «zc LIMINE LA pU Te Usu V AR 


(2) 
The diameter of a tree is less during the day, when the tree is transpiring, than it is at 
night. Explain how this 
(i) supports the cohesion-tension theory; 
(ii) ^ does not support the root pressure theory. 
(3) 


(Total 5 marks) 
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Q8. (a) Figure 1 shows a section through the root of a young plant. 


Q 


Figure 1 


(i) Name the part of the plant labelled R. 


(1) 
(ii) Give the letter which labels a tissue that transports solutes from the leaves. 
ur M ———— 
(1) 
(il) ^ Give the letter which labels a tissue that prevents the movement of water through 
the apoplast pathway. 
ATISWEBI eu moe 
(1) 
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(b) Figure 2 shows a single stoma and surrounding cells from the leaf of a xerophytic plant. 


Figure 2 


Cuticle 


Stoma 





(i) Explain how the cuticle reduces water loss. 


(1) 


(ii) ^ Explain how one of the other labelled parts reduces water loss. 


(2) 
(Total 6 marks) 
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Q9. 


(a) | Explain how xylem tissue is adapted for its function. 


(4) 


(b The graph shows the flow rate in the xylem in the trunk of a tree. 


Rate of flow 
in xylen 





0600 1000 1400 1800 2200 
Time of day 


(i) Explain the increase in the flow rate between 1000 and 1400 hours. 


(2) 


(ii) The diameter of the trunk decreased during the same period, reaching its minimum 
when the flow rate was highest. Use your knowledge of the cohesion-tension theory 
to suggest an explanation for this decrease. 


(2) 
(Total 8 marks) 


Q10. (a) Explain how each of the following is related to the function of xylem tissue. 


(i) Xylem tissue contains hollow tubes. 


(ii) ^ Lignin is present in xylem cell walls. 


(2) 


(b In an investigation the total area of the stomatal openings and the rate of flow of water 
through xylem were measured in a plant over a period of 24 hours. The results are shown 
in the graph. 
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Rate of flow 
of water in xylem 
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the stomatal 
openings 





Midnight 6am Midday 6pm Midnight 


(i) Describe the relationship between the rate of flow of water and the total area of the 
stomatal openings for the period of time between midday and midnight. 


(1) 
(ii) | Between 8 am and midday the rate of flow of water continues to rise although the 
total area of the stomatal openings remains constant. Explain why the rate of flow of 
water rises. 
(1) 
(il) How would the curve showing the total area of the stomatal openings differ if the 
investigation was repeated on a dull day? 
(1) 
(c) | Some xerophytic plants have sunken stomata. Explain the advantage of this adaptation. 
(2) 


(Total 7 marks) 


Q11. (a) The apoplast pathway is one of the routes followed by water from a root hair, 
through the cortex, to the endodermis of the root. 


(i) | What is meant by the apoplast pathway? 


(1) 


(ii) | Explain how the structure of the endodermis affects the passage of water by this 
pathway. 


(3) 


(b The diameter of a branch of a tree and the rate of flow of water through the branch were 
measured over a 24-hour period. The results are shown in the graph. 


Rate of flow 
of water 


(C ---3 
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Using your knowledge of cohesion-tension theory 


(i) ^ describe and explain the changes in rate of flow of water in the branch over the 
24 hour period; 


(3) 
(ii) explain why the diameter of the branch decreased during the first 12 hours. 
(1) 
(c) A stem was cut from a transpiring plant. The cut end of the stem was put into a solution of 
picric acid, which kills plant cells. The transpiration stream continued. Suggest an 
explanation for this observation. 
(2) 


(Total 10 marks) 
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M1.(a) 1. In source / leaf sugars actively transported into phloem; 
2. By companion cells; 
3. Lowers water potential of sieve cell / tube and water enters by osmosis; 
4. Increase in pressure causes mass movement (towards sink / root); 


5.  Sugars used / converted in root for respiration for storage; 


Accept starch 
4 max 
(b Respiration; 
1 
(c) 1. (About) 30 hours; 
2. Time between peak “C at top of trunk and bottom; 
2 


(d) Length of trunk (between top and bottom); 
[9] 


M2.(a) (In the root) 


1. Casparian strip blocks apoplast pathway / only allows symplast pathway; 


Assume all points are in the correct location unless context 
suggests otherwise 


2. Active transport by endodermis; 
3. (Of) ions / salts into xylem; 


4. Lower water potential in xylem / water enters xylem by osmosis / down a 
water potential gradient 


4. Q Neutral: ‘along’ a water potential gradient 
(Xylem to leaf) 


5. Evaporation / transpiration (from leaves creates) cohesion / tension / 
H-bonding between water molecules / negative pressure; 


5. Accept ‘pulling’ 
5. Q Neutral: ‘suction’ 


6. | Adhesion / water molecules bind to xylem; (creates continuous) water column; 
6 
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(b) Correct answer of 342.8 - 343 = 2 marks;; 


Credit incorrect answers that show the numerator as 144 (or 186-42) or 
denominator as 42 for 1 mark; 


2 
(c) 1. More air / oxygen enters / air / oxygen enters quickly / quicker; 
1. Accept: converse for carbon dioxide 
1. Can be in any correct context eg insect, tracheoles, muscle 
1. Neutral: air / oxygen enters 
(So) maintains / greater diffusion or concentration gradient; 
2 
(d) Large(r) SA:VOL / short(er) diffusion distance (to tissues); 
Accept: thin diffusion pathway 
1 
(e) 6/6.6/6.7/7/7.5/8 = 2 marks;; 
Different answers given for different interpretations of the graph 
Award 1 mark for incorrect answers that have divided 60 by any number; 
$ 
(f) | Less / no water lost / (more) water retained; 
Accept: less dehydration / less evaporation 
Q Reject: less ‘transpiration’ 
Q Reject: less water lost by osmosis 
1 
(g) 1. Greater surface area exposed to air; 
Neutral: shorter diffusion distance 
2. Gases move / diffuse faster in air than through water; 
2. Q Neutral: ‘harder to diffuse’ 
2. Accept gases diffuse directly, rather than through water 
3. Increases volume / amount of air; 
1 max 


[15] 
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M3.(a) 


1. 


The more recent the sample the greater the concentration; 
Accept converse 


This could be expressed by reference to time e.g. ‘concentration 
has increased since 25 000 years ago 


2. Increases most in last 5000 years / more or less constant / slight increase 
between 30 000 and 15 000 years ago; 


1. Variation in data / spread of data; 
Reject references to range e.g. ‘range of data’ 


2. Around the mean; 
Both marks are possible in the context of using the data 


1.  Yesaspine leaves not in organic matter of the same age; 


2. No as organic matter would be the same age as the pine leaves; 


Accept either approach 
1 max 
Can get more CO, for photosynthesis; 
More CO, enters leaf is insufficient. 
Accept light-independent (reaction) as equivalent 
1 
Any three from: 
1. (Overall data show) negative correlation; 
Do not allow description of correlation because in question stem 
2. Little change in number of stomata in last 10 000 years; 
3. Small sample size; 
4. . Only one species studied; 
5. Other factors / named factor may have affected number of stomata; 
6. Evidence does not support the conclusion between 30 000 and 25 000 years 
ago / between 5000 years ago and present day; 
Accept reference to either one of these age ranges 
7. | Appropriate reference to standard deviations (in comparing means); 
E.g. no overlap between 15 000 and 10 000 years ago 
3 max 
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M4.(a) 


Any three from : 


1. 


2. 


1. 


2. 


(ii 


(iii) 


Thick cuticle; 


Small leaves / low surface area; 


Accept other ways of describing ‘small’, e.g. ‘needle-like’ 


Hairy leaves; 


Sunken stomata; 


Rolled leaves; 


Active transport by endodermis; 


ions / salts into xylem; 


Lowers water potential (in xylem); 


(Water enters) by osmosis; 


1. 


Allow mark point 4 in any context of water movement in the root 
e.g. into root hair. 


Increases then decreases; 


Allow peak / maximum at any time between 13.00 - 14.00 or 7.8 - 
8.0; 


Peak / maximum at 13.00 / 14.00 (hours) / 7.8 - 8.0; 


Maximum / overall rate is higher (in branches); 
Allow converse for all marking points. 


Reaches maximum / peak earlier (in the day) (in branches); 


Starts higher / ends lower (in branches) 


Movement starts / peaks earlier in branches / higher up; 


Creates tension / 'negative pressure' / 'pull' 
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3 max 


[12] 


3 max 


[9] 


M5. 


(a (i) 1. Removes water vapour / moisture / saturated air; 





2. Increases water potential gradient / more diffusion / more evaporation; 
2 
(ii) 1. ^ Increases kinetic energy so water molecules move faster; 
2. Increases diffusion / evaporation; 
2 
(i) ^ Positive correlation / as light intensity increases so does rate of water 
movement / follows same pattern / directly proportional; 
1 
(ii) 1. | Stomata open and photosynthesis increases / transpiration increases; 
2. More water pulled up due to cohesion between water molecules / by 
cohesion tension; 
2 
(iii) 1. ^ Water pulled up trunk / moves up at fast rate under tension; 
2.  Sticking / adhesion (between water and) cells / walls / pulls xylem in; 
Adhesion is not a specification requirement. 
Accept cohesion in this context 
2 


Elastic tissue 


1. Elastic tissue stretches under pressure / when heart beats then recoils / 
springs back; 


2. Evens out pressure / flow; 
Do not allow credit for expands / contracts / relaxes in this context. 


From a marking viewpoint ignore all specific references to arteries 
and arterioles. Consider all points as applying to both. 


2 Do accept controls 


Muscle 


3. Muscle contracts to reduce diameter of lumen / vasoconstriction / constricts 
vessel; 
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4. Changes flow / pressure; 
Epithelium 
5. Epithelium smooth; 


6. Reduces friction / blood clots / less resistance; 


[15] 


M6.Affects germination of Y more than (germination of) X; 


After four days: 

No effect on (germination of) X up to 15 (mmol dm?) and then constant decrease / 
(causes) sharp decrease in (germination of) Y up to 15 (mmol dm?) and then more 
gradual decrease; 


After eight days: 
Decrease in (germination of) X up to 45 (mmol dm?) and then no further decrease / sharp 
decrease in (germination of) Y up to 15(mmol dm?) and then more gradual decrease; 
[3] 


M7. (a) Suitable accepted evidence, 1 mark for evidence and 1 mark for explanation — 
EITHER e.g.guttation 
(only) upward pressure could force liquid water out of leaves; 
OR 


Sap exuding from a cut, rooted stem; 
(only) upward force could make this happen; 


(b) (Note: max. two for any component) 


(i) Evaporation from leaves during daytime only / mainly; 
tension / negative pressure (on water) in xylem creates inward pull 
(on walls of xylem vessel); 
xylem vessels become narrower; 
due to adhesion of water molecules (to walls of xylem vessels); 


(ii) root pressure gives outward force / push on walls of xylem vessels; 
tree would become wider / stay same diameter; 


xylem vessels become wider / stay same diameter; 
max 3 


[5] 
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M8. 


M9. 


(a) 


(i) Endodermis(reject pericycle / suberin); 
(accept endodermis and / containing Casparian strip) 


(waxy so) impermeable to water / waterproof / stops water 
passing through; 


reference to hairs / position of stomata (sunken stomata / 
stomata in pits ) 

LINKED to reduced air movement / trap layer of air / 

trap water vapour (reject water) / maintains humidity; 


reduces diffusion gradient / concentration gradient of water / 
water potential gradient; 


OR 


stoma can close; 
reduces area for evaporation or transpiration; 


[6] 


long cells / tubes with no end walls; 


continuous water columns; 

no cytoplasm / no organelles / named organelle; 

to impede / obstruct flow / allows easier water flow; 

thickening / lignin; 

support / withstand tension / waterproof / keeps water in cells; 
pits in walls; 

allow lateral movement / get round blocked vessels; 


4 max 


increase in transpiration rate / evaporation due to 
increase in temperature ; 
increased (kinetic) energy of water molecules; 


OR 


increase in light (intensity) increases transpiration rate / evaporation; 
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M10. 


M11. 


(ii) 


(ii) 


(ii) 


greater stomatal aperture / more stomata open so increase in flow 
rate due to cohesion / attraction of water molecules; 


2 max 
adhesion / attraction of water molecules to walls of xylem; 
results in tension as water pulled up stem; 
pulling in walls; 
2 


(i) ^ unrestricted / free / quick / easy water flow / continuous column / maintains 
transpiration stream; 


resists tension in water (column) / provides support / strength / 
maintains column of water / adhesion / prevents water loss 


(allow waterproofing in correct context i.e. not absorbing); 


as total area of stomata decreases the rate of water flow decreases / 
decrease is proportional; 


(reject proportional, 'as one goes up the other goes up' and 'same 
shape’) 


increasing / higher temperature causes increasing / higher rate of evaporation / 
transpiration; 
(not water loss) 


lower plateau (start and finish at same point); 
(allow if curve sketched on original graph, reject ‘curve is lower’ 


conserves water / reduces water loss / reduces transpiration / reduces evaporation; 
high humidity (in pit) / reduced water potential gradient / less water blown 
away / increased diffusion pathway; 


(a) 


(ii) 


(i) | movement (of water) through cell walls / intercellular spaces; 


Casparian bands which are impermeable waterproof; 
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[8] 


[7] 


(c) 


accept ref to suberin 


lower water potential in the cytoplasm of endodermis cell; 
enters symplastic pathway / cytoplasm of cell by osmosis; 


(i) ^ rate of flow increases to max at 1200 and then decreases; 
increasing transpiration / evaporation from leaves; 
transpiration creates tension / increases transpirational pull; 
water molecules are cohesive / stick together; 
produces a water column; 


(ii) (increase transpiration) produce a higher tension / reduces the 
pressure in the xylem reducing the diameter / adhesive forces 
between xylem and water; 


water moves in dead cells / xylem is non-living tissue; 
the process is passive / no energy is needed; 
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3 max 


[10] 


